The propagation behavior of light passing through a subwavelength metal slit structure is usually modeled by a Fabry-Perot (FP) resonant cavity based on the feature of transmission spectra. However, this mechanism belongs to a conjecture and it should be proven. We present a direct evidence from the numerical simulations of the amplitude distribution of the magnetic field by employing the time-domain simulation method. The light propagation behavior clearly shows a multi-reflection process inside a subwavelength slit as soon as it enters the slit. An analytical formula for calculating the field distribution involving the multi-reflection process is presented, and the theoretical calculations agree with the numerically simulated results. Our results provide explicit evidence that the FP model is reasonable to the description of the propagation process of light inside a subwavelength slit structure. When light goes through an array of subwavelength metal slits or holes (hereafter for simplicity we consider only the case of slits) cut into a metal film, there appears a phenomenon of extraordinary optical transmission (EOT).
When light goes through an array of subwavelength metal slits or holes (hereafter for simplicity we consider only the case of slits) cut into a metal film, there appears a phenomenon of extraordinary optical transmission (EOT). [1] In such an array, each slit acts as an optical channel, and when light passes through it, surface plasmon polaritons (SPPs) are excited. [2−6] It is known that single subwavelength slit also exhibits the feature of EOT. [5, 6] What has happened in a subwavelength metal slit when light passes through it is an interesting and essential question for understanding the origin of EOT. It has been observed that the light transmittivity through the slit channel could be tuned by the depth and width of the slit and the structure of the array. [7, 8] The influence of the depth and width of single slit on the EOT is referred to "single-slit effect". The array structure can influence the EOT behavior via the interference between the excitation waves of the SPPs coming from adjacent slits, and this interference effect is regarded as "interslit effect". [9] Both the inter-slit effect and single-slit effect are important. However, the single slit effect seems to be more essential. [9] To explain the transmittivity of the light through a subwavelength slit, a Fabry-Perot (FP) model was suggested. [4,10−14] According to the model, a subwavelength slit is similar to an FP resonator, where the slit depth corresponds to the FP cavity length. Indeed, based on the FP model, some EOT characteristics can be deduced and some experimental results can be interpreted. For instance, the resonance transmission peaks observed experimentally in a single subwavelength metal slit [13] and an array of slits [15] accord with the expected results evaluated with the FP model. In our previous work, [6] the variation of the transmission intensity with the sampling time was simulated by the finite-difference time-domain (FDTD) method [16] and based on the numerical results, we demonstrated the occurrence of multi-reflection process just as the propagation process of light in an FP cavity.
The above consideration is concentrated on the analogy of a subwavelength slit to an FP cavity from the light behavior after going out of the slit. If the FP model is really valid in describing the light behavior in the slit, one should prove that light undergoes a multi-reflection process inside the slit just as it does in an FP cavity. Up to now, only the standing waves of the electric fields inside the slits are observed by the FDTD simulation method. [8] In fact, these standing waves correspond to the steady distributions of electric fields inside slits because they are obtained in the case of the sampling time being long enough. However, the detailed process of forming the standing wave is unclear and how the FP multi-reflection process occurs in the slit should be evidenced.
In this Letter, we calculate the field distribution inside the slit by time-domain analysis method. We concentrate our attention to the light behavior at the Let us consider a slit with a width of = 0.1 µm cut into a silver film with a thickness ℎ = 3.4 µm. The Cartesian coordinate is set as in Fig. 1 . A slab excitation of light is positioned under the film at = −1 µm which radiates the TM-polarized continuum wave with wavelength to illuminate the filmslit structure from bottom, as sketched in Fig. 1 
(a).
We only consider the case of a subwavelength slit so that is set to 0.8 µm. The dielectric constant of Ag is evaluated by the formula = 3.57 − 54.33 ) [9, 17] that is simulated with experimental data.
[16] For = 0.8 µm, the refractive index of the silver is = 0.036 + 5.586. Light transmission process is simulated by the FDTD method. The incident magnetic field is denoted as which is parallel to the axis. Let us take a look at the steady distribution of displayed in Fig. 1(b) . The SPP wavelength inside the slit can be measured accurately to be in−slit SPP = 0.64 µm. Figure  1 (b) reveals a fact that the electromagnetic wave penetrates into both the front and back surfaces of the silver film with a penetration depth of 0.1 µm. The dashed lines in Fig. 1 label the thickness of the penetration layer. It is evidenced that a subwavelength metal slit structure can be portioned into three regions: an effective dielectric region sandwiched by two scattering regions at the slit ends. [6] Each scattering region spreads its length with the depth of penetration from the slit end and works as a high reflection plate. [6] Thus the metal slit structure can be modeled with a plated dielectric slab (PDS). The light multireflections should occur between the two scattering regions, i.e., in the effective dielectric region. In the present case, this region locates between 1 = 0.1 µm and 2 = 3.3 µm, as marked by the dashed lines in Fig. 1 . Thus, the length of the effective dielectric region is ℎ eff = 2 − 1 = 3.2 µm, see Fig. 1(a) . demonstrates a typical standing wave pattern, see Fig. 1(b) . Now we discuss the behavior of electromagnetic wave in this region in detail.
The excitation begins to radiate at the sampling time of = 0, where is the velocity of light in vacuum. After a long enough time, the light field certainly reaches a stable state. Now we intend to explore what happened in the slit before the light field reaching the stable state. To do so, we present the amplitude distribution of the field at times of = 4, 8, 12, 50 µm, respectively, in Fig. 2 . at the time of = 4 µm. The amplitude inside the slit exhibits a step, from a plateau with a height of 1.20 dropping to zero at about = 2.5 µm. It implies that the SPP wave propagating inside the slit with the constant amplitude behaves as a plane wave before it reaches = 2.5 µm. For > 2.5 µm, of the SPP wave drops to zero, which indicates that the SPP wave deceases in the region of > 2.5 µm when = 4 µm. Therefore, the demarcation point = 2.5 µm corresponds to the position of the SPP wavefront. As = 0.8 µm and in−slit SPP = 0.64 µm, it is believed that the SPP wavefront just arrives at the position = 2.5 µm at time = 4 µm. As increases, the
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SPPs should continuously move rightward, as shown by the short arrow. Thus the curve in Fig. 2(a) shows clearly the following physical process: the SPP wave has already entered the slit with an amplitude of 1.20, but does not reach the exit end, so that near the exit end the amplitude is zero. In the region of −1 µm < < 0, before the slit entrance, the amplitudes of exhibits oscillation behavior, which reveals the characteristic of the standing wave. This is because the wave is partially reflected by the entrance of the slit, and the wave in the region < 0 is the superposition of the incident and reflected waves. In general, for a perfect standing wave, its wave valley must be zero. However, in the present case, as the incident and reflected waves are not equal in amplitudes, the wave valley is not zero. We call this wave the partial standing wave. Figure 2 (b) displays the field amplitude distribution of at time = 8 µm. The distribution in the slit remains flat in the left part of the central region, but oscillates in the right part. The demarcation point is located at about = 1.0 µm. The flat part corresponds to a plane wave just as discussed in Fig. 2(a) and does not experience any disturbance even at = 8 µm. The oscillation curve corresponds to a partial standing wave formed near the slit exit. Therefore, Fig. 2(b) describes the physical picture that when the wave reaches the exit of the slit, it is partly transmitted and partly reflected. There is now nonzero amplitude of in the area outside the exit > 3.4 µm due to the transmission. The reflected wave moves leftward and interferes with the wave moving rightward. It is evident that the wavefront of the reflection wave just arrivals at = 1.0 µm at this time, which accords with the character of the amplitudes curve in Fig. 2(b) , and with increasing, this reflected wave continues to travel leftward, as indicated by the arrow in Fig. 2(b) . It is noted that due to the interference effect, the maximum amplitude of increases to 1.8, higher than the plateau height 1.2 of the noninterference region.
Next, we turn to consider the case at time = 12 µm, illustrated in Fig. 2(c) . Now, the wave reflected by the exit end of the slit has already reached the entrance of the slit, so that the amplitude distribution oscillates in the whole central region of the slit. Nevertheless, the amplitude of the right part region remains unchanged, while that of the left part region increases to a higher value, 2.19. This is because the wave moving leftward has reached the entrance, and then undergoes the reflection again and goes back the slit. Therefore, the wave in the left part is actually composed of three components: an incident wave moving rightward, a wave moving leftward caused by reflection of the exit end of the slit and a wave moving rightward caused by reflection of the entrance end of the slit. We refer the reflection occurring at the exit indicated in Fig. 2(b) , to the first reflection, and that occurring at the entrance indicated in Fig. 2(c) to the second reflection.
Since the first and second reflections have been observed at the ends of the slit, a series of reflections will certainly follow. It is easily realized that after one more reflections the amplitude of the wave in the slit should change somehow. This is so-called multi-reflection process. After a long enough time, the amplitude distribution of in the slit inevitably reaches a stable one. To verify this, we draw the simulated amplitude distribution at time = 50 µm, as shown in Fig. 2(d) . It is clearly seen that the oscillation now is the same everywhere in the slit region, and the amplitude rises to a higher value, 2.57. This corresponds to the largest amplitude of as it remains unchanged after the time > 50 µm, and as does the distribution. Hereby it is believed that the multireflection process eventually leads to the formation of steady state in the slit region.
We have directly observed the first, second, and the multi-reflection processes in a subwavelength metal slit structure from Fig. 2 by FDTD simulation. The analysis above is qualitative. In the follows, we intend to achieve an analytical evaluation. Since at both ends of the slit, the wave is partly transmitted and partly reflected, we denote the amplitude transmitivity and reflectivity as and , respectively. The total magnetic field should be the superposition of the incident wave and a series of the reflection waves after the first reflection, the second reflection, and so on. Therefore, undergoing from the times of reflections, the total magnetic field at position should be
where 0 is the incident amplitude of the magnetic field and the initial phase that is determined by the condition before the light entering the slit. Let → ∞, one obtains the steady distribution (∞) ( ) = lim , denoted as , then we have
This formula indicates that as long as and values are determined, the amplitude maximum of after times of reflections can be reckoned. Now from Figs. 2(a) and 2(b) Consequently, the theoretical calculations by using multi-reflection formula can match the simulated results satisfactorily. This provides a powerful evidence of the multi-reflection process occurring in the slit. By the way, we check Eq. (1) with the magnetic field inside the slit. The distributions of corresponding to the steady state are displayed in Fig. 3 , in which the open circles are obtained by the FDTD method and the solid curve is calculated by use of Eq. (1) when being large enough and the initial phase taking a correct value. The two results are so consistent that it is believed again that Eq. (1) is the valid formula to describe the behavior of light in metal slit. In other words, the FP multi-reflection phenomenon is the true process.
In summary, we have implemented the timedomain analysis method to simulate the propagation process of light in the single subwavelength metal slit. The variations of the amplitudes of magnetic field corresponding to different sampling times are explored and they clearly reveal the multi-reflection process.
The simulated values accord with the results calculated with the analytic formula of multi-reflection process quite well. Thus our work provides a straightforward evidence of the multi-reflections in a subwavelength metal slit structure. This indicates that the Fabry-Perot model is applicable for explaining the light behavior in a subwavelength slit structure.
